Introduction

56
Autographa californica multiple nucleopolyhedrovirus (AcMNPV) is a model alphabaculovirus The plasmid pCRII-TOPO-P10 wt was constructed by sub-cloning of the p10 gene (amplified 145 from the AcMNPV strain C6) into pCRII-TOPO (Invitrogen) using the XbaI and EcoRI 146 restriction sites. The p10 codons for serine 92 and 93 were then each mutated to specify alanine.
147
In the first step, serine 92 was mutated to alanine in a PCR reaction using P10_S92AF and 148 P10_S92AR primers (Table 2 ). In a second PCR reaction serine 93 was mutated to alanine using
149
P10_S93AF and P10_S93AR primers. The resulting plasmid was named pCRII-TOPO-
150
P10
S9293A
.
152
The modified p10 fragment was amplified from the plasmid pCRII-TOPO-P10 S9293A using
153
P10_S9293A_pBP8F and P10_S9293A_pBP8R primers in a PCR. The product was digested 154 with XbaI and XmaI and then sub-cloned into pBacPAK8, downstream of the polyhedrin 155 promoter, to generate pBacPAK8-P10
S9293A
157
The plasmid pBacPAK8-P10 S9293A was used to generate single P10 mutants in which either 158 serine 92 or 93 codons were mutated to specify alanine instead. Single mutations were created 159 through site-specific mutagenesis using P10_S92A_pBP8F and P10_S92A_pBP8R primers to 160 derive pBacPAK8-P10
S92A
, and P10_S93A_pBP8F and P10_S93A_pBP8R to derive 161 pBacPAK8-P10
S93A
162
To generate a control, the p10 gene was amplified from pCRIITOPO-P10 wt using P10_wtF and Technologies Ltd) and 500 ng of transfer vector according to the method described by King and 197 Possee (22) . The medium containing the recombinant virus was collected on the fifth day.
198
Viruses were amplified in Sf9 cell cultures and titres were determined by plaque assay in plaque-
199
forming units (pfu) ml -1 using Sf21 cells. on ice for 10 minutes and then briefly centrifuged to allow removal of excess enzyme solution.
256
After adding 5 μl of 50 mM ammonium bicarbonate buffer solution to the gel pieces, digestion 257 was performed at 37 °C for 18 hours.
Peptides were extracted from the gel pieces during each of the three successive 10 minute and thus both were co-aligned, most prominently in regions of stable MTs. At 72 hpi (Fig. 1,   312 centre panels), the P10 cytoplasmic filaments showed further bundling and were still co-aligned 
358
This structure remained intact at 96 hpi and disjointedfrom the cytoplasmic filaments.
360
The P10 mutant structures of AcP10 S92A were similar to those of AcP10 wt and developed at the 361 same time (Figure 4) . However, the P10 mutant structures of AcP10 S93A and AcP10 abolish the detachment as some filaments were detached from the nucleus at both 72-and 96 hpi.
371
The detachment was further analysed in relation to the microtubules. The co-localisation of P10 372 mutant structures with microtubules was compared to that of the wildtype (Figure 4) . Deconvolution of the P10 wild-type spectrum showed that the protein comprised of α-helix
422
(47.86%) followed by β-turns (32.09%) while the remaining structure was random coil (20.05%).
423
In comparison, the P10 serine 93 mutant revealed slightly reduced content of α-helix (43.31%) filaments from the nucleus suggesting that the aggregated filaments facilitated this process.
473
Indeed phosphorylation modulates the aggregation propensity of several proteins and peptides
474
(28-30); these include tau, synuclein and peptide model systems. Aggregation of self-assembling proteins is particularly regulated by phosphorylation (31) and this may also be true for P10,
476
which also self-assembles (32) . Thus, the change in secondary structure could be a result of the addition of a phosphate moiety to 494 a protein that is known to affect the electrostatic forces in a protein determining its folding. The dissociate from the MTs because of the negative charge introduced by phosphorylation (35).
515
Furthermore, aggregation of tau is also faciliated by phosphorylation (36). The C-terminus of 516 P10, which is also the site of phosphorylation, is basic in nature since it is rich in lysine and 517 arginine residues. Similar to the tau protein, the interaction of P10 with MTs may be facilitated 518 through these basic residues and phosphorylation of P10 may influence its affinity for MTs and 519 self-aggregation preoperties. Although no differences were observed in the co-alignment of , serine 92 and 93 were mutated to alanine respectively.
666
In the double mutant, AcP10
S9293A
, both serine 92 and 93 were mutated to alanine. The amino acid sequence of AcMNPV P10 reveals three distinct regions, a coiled-coil domain at the N-terminus (blue residues), a proline-rich region in the variable region (green residues) and a positively charged basic region at the C-terminus (red residues; R: Arginine, K: Lysine). Amino acid residues of the heptad repeat in the coiled-coil region are denoted as abcdefg, in which a and d are hydrophobic whereas e and g are charged residues. (B) Wildtypeinfected TN368 cells were analysed at 48-, 72-and 96 hpi using confocal laser scanning microscopy. Cells were stained with anti-P10-and Alexa Fluor 488 antibody to visualise P10 (green) and with anti-α-Tubulin-and Alexa Fluor 568 antibody to visualise MTs (red). P10 and α-Tubulin channels were merged to show co-alignment. Position of OBfilled nucleus is shown in the bright field images. At 48-and 72 hpi, P10 filaments were co-aligned with MTs and spanned the host cytoplasm; bundling of these filaments was evident at 72 hpi. P10 also formed peri-nuclear tubular structures that were present from 48 hpi and most developed at 96 hpi. The P10 cytoplasmic filaments appeared detached from the peri-nuclear tubule and partially disintegrated at 96 hpi. Scale bars, 30 μm. 
